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Abstract 




Traditional methods of gathering the data needed to understand human impact on 
marine mammals requires extensive time and resources.   To reduce the burden 
associated with collecting and managing marine mammal observations, a geographic 
information system (GIS) solution was developed using a volunteered geographic 
information (VGI) approach.  Web and mobile applications were built for the general 
public to submit marine mammal observations and visualize the results.  The web 
application also includes querying and authorized download of data. Both applications 
consume web services published from an ArcSDE geodatabase using ArcGIS Server 
10.0. 
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Chapter 1  – Introduction 
The oceans of the world play an indirect but fundamental role in life; they are used for 
activities such as shipping, procuring food, recreation, and travel.  Their uses have also 
expanded to include renewable energy and large scale aquaculture.  However, it was not 
until recently that scientists began establishing a scientific baseline for evaluating the 
health of the marine ecosystem (Ruckelshaus, Klinger, Knowlton, et al., 2008).  This 
baseline is particularly important to recent efforts in evaluating principles for marine 
spatial planning for effectively managing marine resources (Foley, Halpern, & Micheli, 
2010). 
In order to understand behavior of, and human impact on, marine mammals, 
extensive manpower for collecting and processing data is required, due to the complex 
interactions between marine mammals, humans, and oceanic processes.  The burden 
associated with this type of research can be reduced using a volunteered geographic 
information (VGI) approach with a geographic information system (GIS).  Incorporating 
familiar user interfaces, such as web and mobile applications, allows researchers to spend 
more time performing analyses while simultaneously encouraging awareness and 
environmental stewardship in users.   
This chapter was designed to introduce the reader to the project.  Section 1.1 
introduces the client.  The second section, 1.2, defines the problem addressed. The 
proposed solution, including the goals and objectives, scope, and methods are discussed 
in Section 1.3.  The fourth section, 1.4, outlines the target audience for this report.  
Finally, Section 1.5 sets the expectations for the remainder of the document.   
1.1 Client 
Dr. Lei Lani Stelle is a biology professor at the University of Redlands whose research 
pertains to the human impacts on marine mammals and their habitat use.  Specific 
components of her research include evaluating marine mammal species’ associations, 
determining swim paths and behaviors, assessing vessel-induced injuries, and 
understanding energy expenditures of marine mammals during a migration path affected 
by human interactions.   
Over the course of the project, Dr. Stelle was responsible for describing the types 
of data that were collected and verifying that the system design met her needs.  
Additionally, she was responsible for approving the user interface design of the web and 
mobile applications during the testing and discussion tasks of the project’s life cycle.  
Finally, the client acted as a domain knowledge expert when questions arose during 
design and development of the solution. 
1.2 Problem Statement 
The challenge that the client faced was how to generate a high volume of quality data for 
her long-term study on marine mammal migratory behavior and human impact.  In order 
to reduce the cost and effort required in the data collection process, Stelle decided to 
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explore a VGI approach to collecting this data, which incorporates the collection of data 
by both researchers and members of the general public (Figure 1-1).   
 
Figure 1-1: VGI-approach for collecting data for a long term study of marine 
animals 
Currently Stelle works with volunteer citizen scientists through Earthwatch, an 
organization that facilitates participation by members of the public in the scientific 
process. Additionally, Stelle collects data with undergraduate students performing 
research for thesis projects.  She believes that by including the general public in the data 
collection process she will further reduce difficulties in maintaining long-term studies 
while simultaneously encouraging awareness and environmental stewardship.   
Although including the general public in the data collection process would 
increase the amount of data collected, it would also introduce questions of data quality.  
The client has very few protocols in place for ensuring high data quality from each of the 
sources.  For example, currently, data are hand-written, leaving room for error during the 
process of transferring them from paper to electronic source.  Without continuity and 
consistency in the data collection process, an unnecessary amount of time has to be spent 
preparing and organizing data over the course of a long-term study. 
With the approach developed in this project, Stelle would be able to focus efforts 
on understanding the relationships between migrating mammals and humans, in addition 
to improving the learning experience for the students and volunteers she works with.  
Specifically, because of the nature of GIS databases, data collected by volunteers will 
have continuity and consistency. Having a centralized database that can be queried would 
allow Stelle to collaborate with other researchers. Additionally, having the data stored in 
spatial tables allows her to ask advanced spatial questions. 
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1.3 Proposed Solution 
After careful review of previous work and consideration of the client’s requests, a 
solution was proposed.  The following section outlines the proposed solution and its 
appropriateness for the client.  It includes a discussion of project goals and objectives, 
scope, and methodologies used to develop the solution.  
1.3.1 Goals and Objectives 
The two problems addressed in this project provided the client with geographic 
workflows for managing and sharing her data.  The first problem was how to generate a 
volume of quality data for a study on marine mammal migratory behavior and human 
impact.  This problem was solved using a VGI-based strategy which incorporated the 
general public in the data collection process to increase the amount of data being 
collected.  More specifically, mobile and web application prototypes were developed that 
can be used by volunteers, researchers, and members of the general public to submit 
marine mammal observation data.  Web and mobile technology were chosen because 
they were already demonstrated to be successful in a VGI-based study (Connors, Lei, & 
Kelly, 2011).  This solution decreased the amount of time researchers and volunteers 
spent in the field and increased the amount of data collected. It also provided the client 
with the data necessary to perform her research. 
The second problem addressed in this project was the data management methods.  
The client stored data in Microsoft Excel, Access, in species-specific programs, and in 
programs developed for specific projects. Without proper management of the data, a large 
amount of time was spent on organization efforts and preparing the data for analysis.  
This problem was solved with the development of a centralized geodatabase used 
to manage data submitted from student and professional researchers, volunteers, and the 
general public.  The geodatabase was used to house marine mammal observations.  The 
outcomes of the solution were time savings to the client and possible identification of 
marine mammal observation data standards.  The development of a geodatabase allowed 
Stelle to spend less time preparing data for analysis, more time improving the learning 
experience for her students and volunteers, and collaborating with her colleagues in 
defining a baseline for evaluating the health of the marine ecosystem.   
1.3.2 Scope 
While the purpose of this project was to demonstrate the feasibility of using a VGI 
approach to managing marine mammal observation, only a very basic, but extendable, 
solution was developed.  The scope included the development of web and mobile 
applications that allows the user to submit and visualize their observations.  The solution 
also included a geodatabase for storing the submitted observations.    
The Spatial Database Engine (SDE) geodatabase, a type of relational database 
management system, was developed for use with the ArcGIS Server 10.0.  The 
geodatabase was designed to hold observation data and corresponding evidence and to tie 
observations to the user who submitted them, through the use of usernames. However, the 
proof of concept was designed so that users had the same level of access.  There were no 
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database permission differences between the experts (researchers, students) and general 
public users.   
   Due to the time constraints of the project, the scope of the database development 
was limited and client expectations were clearly defined.  The geodatabase’s schema was 
developed and its capability was demonstrated with sample data.  However, cataloging of 
the current data was the client’s responsibility.  Additionally, the client was responsible 
for describing the types of data that were collected and verifying that the geodatabase’s 
schema met their needs. 
The web application was developed to allow users to visualize, query, and 
download data.  Specifically, it was designed to allow users to visualize and query the 
entire database by date and species type.  Upon logging in, the application allowed users 
to query by event type (observation, track update) and choose to visualize all of the data 
in the database or only their data.  The web application was also developed to allow users 
to download data upon log in to the system. The users’ identity was not verified when 
logging into the system with this initial concept.  Finally, forms were developed to allow 
users to enter data that they collect in the field. 
The mobile application’s functionality was limited to data submission and 
visualization.  While there were several platforms for which the mobile application could 
be developed, it was only developed for one.  The mobile application was designed to 
store collected data locally, in addition to syncing the data with the geodatabase on the 
server.  The client was asked to help design the appearance of the mobile application.  
The solution was designed for use between Newport Beach and Long Beach (Figure 
1-2) in southern California.  The project was assigned a spatial scope for multiple 
reasons. Keeping the region focused resulted in a small list of species native to the region 
that the user would need to choose from.  This small area also had reliable connectivity to 
the mobile network, which supported an environment to test the data syncing. 
 
Figure 1-2: Map of the project’s study area 
5 
1.3.3 Methods 
The project was split into three different packages: the geodatabase, the web application, 
and the mobile application.  Each package went through a staged developed life cycle 
(Figure 1-3).   
 
Figure 1-3: Project methods life cycle diagram 
During the plan and design phase for the geodatabase, requirements were classified 
into functional and nonfunctional requirements.  Conceptual model and logical models 
were then designed.  In the development phase an SDE geodatabase was created.  
Additionally, map and feature services were published using ArcGIS Server 10.0 for 
consumption by the web and mobile applications.  The logical model went through test 
and discussion phases before the finished proof of concept was reached.  Each time there 
was a change in the database’s schema, changes were made to a small set of test data.   
During the plan and design phase for the web and mobile applications, the 
appropriate technology for development was decided.  The web application was 
developed using Esri’s ArcGIS Application Programming Interface (API) for Javascript 
and the mobile application was developed using Esri’s Android Software Development 
Kit (SDK). During the develop, test, and discussion phases of the web and mobile 
applications, each of the functional requirements was built and pieced together to get the 
final proof of concepts.  The develop phase for both of the applications included 
researching the APIs’ classes and corresponding methods.   
1.4 Audience 
The intended audience for this report includes individuals who have an introductory 
knowledge of GIS, have a basic understanding of programming concepts; are interested 
in data collection using a VGI approach, or are interested in data collection techniques for 
marine mammal research.  No specific knowledge of ArcGIS or programming is 
assumed. 
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1.5 Overview of the Rest of this Report 
The remainder of the report describes how the project components were implemented.  
Chapter 2 provides a literature review of relevant topics.  Chapter 3 describes the system 
design of the project.  This is followed by a discussion of the database model in Chapter 
4.  Chapter 5 refers to the implementation of the web and mobile applications.  Chapter 6 
describes the lessons were learned during the software development process and the 
analysis that can be done with the data collected.  The report closes with Chapter 7, a 
conclusion and discussion of future work. 
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Chapter 2  – Background and Literature Review 
A literature review was performed during the project planning phase, during which four 
relevant topics were chosen.  Because of the Volunteered geographic information (VGI) 
nature of the project, Section 2.1 is dedicated to understanding its use in web and mobile 
GIS as a means of collecting data.  Section 2.2 presents the use of GIS in marine 
research.  Section 2.3 discusses the differences between web and mobile GIS 
technologies and their appropriate applications.  Designing user interfaces that can reach 
a broad audience is important in VGI.  Because of this, user interface design is discussed 
in Section 2.4. The chapter is concluded with a summary in Section 2.5. 
2.1 Volunteered Geographic Information and Science 
Volunteered geographic information is closely tied to citizen science, which is the 
involvement of interested members of the public in parts of a scientific project such as 
data collection and analysis.  It has been utilized in applications such as recording bird 
observations (The Cornell Lab of Ornithology, 2011) and online game playing in 
understanding protein folding (UW Center for Game Science, 2011).  Allowing citizens 
to participate in the scientific inquiry process may bring about awareness, empowerment, 
and stewardship.  Additionally, the inclusion of citizen scientists may help reduce the 
gaps that have historically divided the public, researchers, and policymakers in 
environmental management efforts (Connors, Lei, & Kelly, 2011). 
A similar concept is public participation GIS (PPGIS).  PPGIS is strongly focused 
on engaging citizens in the sustainability of their communities. “It is an interdisciplinary 
research, community development and environmental stewardship tool grounded in value 
and ethical frameworks that promote social justice, ecological sustainability, 
improvement of quality of life, redistributive justice and nurturing of civil society,” 
(Aberley & Sieber, 2002).   
Goodchild (2007) coined the term volunteered geographic information to describe 
geographic data provided voluntarily by individuals.  The development of Web 2.0, 
Global Positioning System (GPS), and the rapid assimilation of mobile technology made 
VGI practical.  Web 2.0 resulted from the development of protocols that made the 
communication between user and server a two-way conversation.  This enabled users to 
create and edit information stored on the servers through the browser interface.  In the 
1980s the GPS was developed.  Originally created for military purposes, the GPS made 
its way into the hands of the public around 1990.  GPS allows for quick and easy direct 
measurement of locations on Earth and has been used in a wide variety of applications 
(Goodchild, 2007).  
The use of mobile and web applications that utilize a VGI-based strategy in the 
collection of data in long-term environmental studies is a relatively new field.  There is a 
working prototype of this data collection method called OakMapper, which was 
developed at University of California at Berkeley.  OakMapper is a mobile (iPhone) and 
web-based effort to encourage the public in monitoring the sudden oak death (SOD) of 
oak trees in California caused by the ramorum leaf blight (p. ramorum) virus (Geospatial 
Innovation Facility, 2012).   
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Advancements in web and mobile GIS technologies that utilize a VGI strategy for 
scientific data collection are limited.  Glennon (2011) created the Geyser Notebook 
application for Android. The application allows users to view information about the 
Yellowstone geysers and report eruption observations. User accounts are created, but 
there appears to be no differentiation between a researcher and a member of the general 
public.  Within Geyser Notebook, a timeline shows observations from all users, and "my 
reports" shows only the user’s observations.  In addition to a mobile application, a web 
application has been developed that allows users to view the data stream (Glennon, 
personal communication, 2012).  However, there is no evidence that this application is 
utilized by researchers in understanding geyser activity in Yellowstone National Park.  
2.2 GIS & Marine Research 
The complex nature of marine studies poses a unique challenge for researchers and 
decision makers.  “Traditional management strategies, which focus on individual sectors 
of coastal ecosystems, such as managing single species habitat, or areas, have failed to 
address these intricate relationships between humans and coastal ecosystems,” (Bauer, 
2012).  More integrated and comprehensive management strategies, such as Ecosystem-
based Management (EBM), are being developed to address this problem (Jones & Ganey, 
2009).  Geographic information systems are being used in data collection and 
management in addition to analysis relevant to marine research.  
2.2.1 GIS and Marine Research 
Several efforts have been made to make data collected more widely available to 
researchers and decision makers.  The Ocean Biogeographic Information System Spatial 
Ecological Analysis of Megavertebrate Populations (OBIS-SEAMAP) is a spatially 
referenced online database, aggregating marine mammal, seabird and sea turtle 
observation data from across the globe and have aggregated data since 2002.  The OBIS-
SEAMAP uses of geospatial web feature services.  Ideally, “this makes data easy to use 
by modelers in a scientific workflow,” (Best, et al., 2006).   
The OBIS-SEAMAP is just one example of geospatial web services being used by 
researchers and decision makers in the field.  Coastal Web Atlases (CWA) are 
increasingly popular web-based tool.  The California Coastal Atlas was initiated in 1993.  
Its primary goals are to create a platform for sharing high quality coastal data, provide a 
medium for information sharing between scientists and public policy makers (University 
of Washington Sea Grant Institude, 2011). Additionally, the National Oceanic and 
Atmospheric Administration (NOAA) Coast Watch has developed a browser for 
downloading contour, grid, and vector datasets.  The data available include: currents, 
chlorophyll, sea surface temperature, and wind stress to name a few (NOAA, 2011). 
While sites like OBIS-SEAMAP, California Coastal Web Atlas, and NOAA provide 
a wide range of uses, there are also organizations that have made a more focused effort of 
collecting and sharing data.  Oregon State University has made chlorophyll and 
temperature data available through an Ocean Productivity website (O'Malley, 2010).  
Although the data isn’t available for download and there is no mapping component, the 
Channel Islands National Marine Sanctuary has a website in which users can submit 
marine mammal observations (National Ocean Service, 2011).   
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Essential to data collection and sharing is the data storage.  The use of geospatial 
web services provides a method for accessing and downloading data stored on servers, 
but they do not address the need for best practices for storing data collected in the field 
and data downloaded from web services.  Geodatabases provide components, such as 
subtypes and domains, to better manage spatial and non-spatial data.   
In addition to the geodatabase are data models.  Data models are schemas for 
organizing groups of relevant information.  The Marine (also known as ArcMarine) data 
model available from Esri, is one of the more widely recognized data models for marine 
phenomena.  The data model can be used to store several common data types: tables, 
marine points, marine lines, and marine areas (Figure 2-1).   
 
Figure 2-1: Common data types in the ArcMarine Data Model  
The tables are intended to hold non-spatial elements.  These elements are 
associated with one or more of the three spatial data types.  Some of the associations are 
illustrated in Figure 2-2 between table elements and marine points and between table 
elements and marine lines.  To demonstrate, a vehicle (non-spatial) such as a boat records 
a run line (spatial) when it is out on a trip.  Similarly, a survey info (non-spatial) record 




Figure 2-2: Some associations found in the ArcMarine Data Model 
 Whether data is collected in the field or downloaded from geospatial web services 
a data model, such as ArcMarine, is essential to managing the data.  ArcMarine was 
designed to allow users access to analysis capabilities of GIS (Wright, Blongewicz, 
Halpin, & Breman, 2007).  However, the data model is normalized and is not an ideal 
model for web and mobile projects.  Additionally, the data model doesn’t include a table 
associating the user who submitted the data.  This demonstrates that it was not intended 
for storing volunteered geographic information. 
2.2.2 GIS and Spatial Analysis 
Once data has been collected and stored in a GIS, analysis can be performed to 
understand a wide array of topics.  These topics include, but are not limited to human 
impact, and density and abundance.  Some of the GIS techniques used to understand 
these topics include spatio-temporal analysis to understand patterns in the data and 
overlay techniques to understand human impact in marine mammals. 
The use of space in understanding human impact is by no means a new idea, but it has 
become increasingly popular in the marine world since 2000.  Since then, it has been 
used in a variety of applications.  In 2008, Halpern et al. published a paper on research 
assessing the human impact on marine ecosystems.  The study included several indicators 
relevant to fishing, pollution, and climate changes that were evaluated at a global scale.  
Raster analysis was performed to calculate and cumulate human impact indicators.  The 
results found that there were virtually no ecosystems unaffected by humans.  While this 
research is extremely valuable, similar research is needed at the local and regional levels. 
Another research group recently released two studies using similar overlay and 
raster analysis techniques applied directly to marine mammals.  One was directed at 
finding geographic ranges and patterns of richness and composition in an attempt at 
finding potential conservation sites (Pompa, Ehrlich, & Ceballos, 2011).  Their second 
study was directed at identifying which species were at greatest risk and where the risk is 
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globally (Davidson, et al., 2012). A discussion of their findings found that more local 
data on migratory routes, locations of feedings, and calving/pupping could be used to 
produce better results.  These are the exact types of data that this proof of concept was 
designed to collect, if fully deployed. 
The preceding examples demonstrate the use of GIS in marine mammal research, 
and how it improves our understanding of a variety of topics.  A need for larger scale 
assessment of human impact on marine mammals was revealed.  
2.3 Understanding Web and Mobile GIS 
Web and Mobile GIS are two different media for handling geographic information 
systems.  The method of consumption is essentially the only difference between them.  
Web GIS applications are accessed through a browser on desktops and laptops.  On the 
other hand, Mobile GIS applications are accessed through smart phones and tablets.  
However, advances in wireless communication have allowed users to access web-based 
GIS applications with both smart phone browser technology and native applications.  
This has caused significant overlap in the Web and Mobile GIS fields (Figure 2-3).   
 
Figure 2-3: The overlap of Web and Mobile GIS 
2.3.1 The differences between Web and Mobile GIS 
There are significant advantages of Mobile over Web GIS.  However, there are still 
significant technical challenges that give Web GIS an upper hand.  Mobile GIS 
technologies can replace existing field paper-based workflows (Fu & Sun, 2011).  Mobile 
GIS also provides a highly mobile environment that can be accessed by several users.  
Modern mobile devices are equipped with a GPS chip and other hardware devices that 
can reduce the amount of equipment needed in field work.  Finally, Mobile GIS also 
enable users to work in a disconnected environment in which they have no access to 
internet or mobile services. 
However, limited wireless communications also pose a technical challenge for the 
use of Mobile GIS.  The desktop and server machines that are used in Web GIS provide 
more powerful CPU, memory, and battery power (Fu & Sun, 2011).  Mobile GIS is also 
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limited in its screen size and keyboard size.  This can be particularly inhibiting to field 
workers uncomfortable with mobile devices and in poor environmental conditions.  There 
are significant advances of Mobile GIS over Web GIS.  But because there are still some 
significant technical challenges, Web GIS still provides benefits. 
2.3.2 Mobile GIS Approaches 
The overlap in Web and Mobile GIS has resulted in two different approaches to 
developing Mobile GIS applications: native-based and browser-based.  Native 
applications are those that are designed to run on a device’s operating system, such as 
Apple iOS or Google Android.  This forces the application developer to adapt the 
application depending on the operating system’s platform language and operating system. 
The two popular platforms are iOS using the Objective-C language and Android 
using Java. Objective-C is an exclusive language that isn’t as commonly used 
(Viswanathan, 2012), while Java is a commonly used language and has extensive 
documentation for its SDK (Google, 2012).  Java’s large programming community has 
resulted in a reliable online resource community, easing the programming and cost 
burden for the project developer.  Finally, phones with an Android operating system have 
become increasingly popular (Lloyd, 2012).   
When developing a mobile application for Android devices, the developer must 
decide which operating system to develop for. To date, Gingerbread (2.3.3) is the 
predominant operating system on all Android platforms (Android 2.3.3 APIs, 2012).  In 
the past eight months, all Android phones users had the option to switch to a newer 
operating system (IceCream Sandwich: 4.0.4) on their phones.  However, eight months 
after IceCream Sandwich’s release, only 10% of users had upgraded (Aguilar, 2012).  
This demonstrates that the developer must decide on both a platform and an operating 
system when creating mobile applications. 
Just like many Web GIS applications, mobile browser-based applications can be 
built to work with a plugin, such as Flash Lite or Silverlight mobile, or with html and 
JavaScript (Fu & Sun, 2011).  HTML browser-based applications can be developed once 
for a wider device range using a single language.  This makes deployment of those 
applications across several platforms much easier.  These types of applications also don’t 
have to be purchased through application stores. 
Unfortunately, HTML browser-based do not have full, and easy, access to the 
hardware on mobile devices, whereas native applications do.  Additionally, because 
browser-based applications require connectivity, they cannot be used in disconnected 
environments.  On the other hand, native applications can use local storage to work in 
such environments. 
2.4 User Interface Design 
Graphical user interfaces (GUI) have come to be an expected part of the experience for 
most computer users.  When initially being developed, Apple Desktop Interfaces made 
two basic assumptions, “that the user can see, on a computer screen, what they are doing; 
and they can point at what they see,” (Apple, 1987).  Designing a good user interface 
requires the implementation of principles that have been repeatedly proven to be 
effective.  Several sets of principles and rules of thumb have been put together by subject 
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matter experts, some of which include: simplify the structure of tasks, minimize 
memorization, plan for error, and know the user.   
2.4.1 Simplifying Task 
User Interfaces often provide new workflows for users to complete tasks that they were 
already doing using different methods.  Asking users to change the way they currently 
perform a task can be difficult.  In his book, The Design of Everyday Things, Donald 
Norman provides three technical approaches for ensuring success that are particularly 
relevant.  The first is “Keep the task much the same, but provide mental aids.”  Mental 
Aids such as sticky notes and alarm clocks are simple examples of this.  The second 
approach is, “Use Technology to make obvious what would otherwise be invisible.”  This 
approach can be implemented by giving the user feedback and allowing them to monitor 
the state of the system they are interacting with.  The third approach is to “change the 
nature of the task.”  Having a thorough understanding of how the current workflow of a 
task operates, allows the designer to alter the way in which users are asked to provide 
input.  Changing the nature of the task can make difficult tasks seems less daunting.  
2.4.2 Reduce Memorization 
There are several methods for reducing the memorization expected of the user.  One 
method is to use a see-and-point method over remember-and-type (Apple, 1987).  This 
can be implemented with the use of dropdown menus for making selections rather than 
text boxes for users to fill out.  Another method is to use real-world metaphors.  Doing 
this allows “users to transfer knowledge of how things should look and world,” (Mandel, 
1997).  Using knowledge that is both in the world and in the head of the user, can make 
their experience with the user interface faster and more efficient (Norman, 1988).   
2.4.3 Plan for Error 
It is always safe to assume that the user will make mistakes in any number of ways when 
interacting with the interface.  One method for handling this is to allow the user to 
recover if mistakes are made (Norman, 1988).  This can be done by asking users to 
confirm actions before completing them and allowing users the permission to undo and 
redo actions. 
    
2.4.4 Testing the Usability of Map User Interfaces 
Understanding the usability of an interface is extremely important in its design and 
development.  A direct method for determining whether or not the interface design is 
appropriate for the user is to test its usability.  This is particularly important in user 
interfaces that are being designed for a broad audience, such as applications involving 
maps and the general public.  A blog was released on mapbrief.com by Brian Timoney on 
how the public interfaces with local government web maps.  The blog was based on 
research performed by a GIS Analyst with the City of Denver.  There were a couple of 
findings they were particularly relevant.  The first was that people rarely changed default 
settings, this includes the default basemaps.  Giving the user too many options may 
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overcomplicate a normally simple task.  The analyst also found that using an auto-
complete in the map’s search box drove clean queries (Timoney, 2012).   
 A study was recently performed on the usability of a citizen science web 
application.  The researchers found that users had a difficult time understanding the 
concepts of layers in the map’s legend, and that layers could be turned on and off 
(Newman, Zimmerman, & Crall, 2010).  This demonstrates the importance of knowing 
the user and the power of the real world metaphors method to engage them. 
2.5 Summary 
This chapter reviewed the background information relevant to the project.  Section 2.1 
discussed VGI in Web and Mobile Applications.   VGI is a relatively new field, and its 
uses in scientific research are extremely limited.  Section 2.2 talked about the GIS-based 
methods used in the marine field for sharing and storing data.  Geospatial web services 
are being used to share data at large and small scale, and the use of geodatabases and data 
models can be useful is organized data for analysis.  The use of GIS in marine spatial 
analysis was also discussed in this section.  There is a need for large scale assessment of 
human impact on marine species and their environments.  Section 2.3 described the 
differences between web and mobile GIS and why each of them plays an important role.  
While mobile GIS simplifies field-based workflows and can be accessed by a wide 
audience, web GIS solutions do not have memory, battery life, or connectivity issues.  
Section 2.4 discussed user interface design principles and demonstrates the importance in 
understanding and applying them to web and mobile applications is extremely important.   
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Chapter 3  – Systems Analysis and Design 
This chapter discusses the analysis of the system design of the proposed solution.  More 
specifically, it includes a Section 3.1 which revisits the problem statement.  The problem 
statement was used in a requirements analysis. The results from this are presented in 
Section 3.2.  The requirements analysis was used to develop a system design and project 
plan.  The proposed system design and the plan for its implementation are described in 
Section 3.3 and 3.4. The chapter is wrapped up in a summary section. 
3.1 Problem Statement 
The challenge that the client, Dr. Lei Lani Stelle, faced was how to generate a high 
volume of quality data for her long-term study on marine mammal migratory behavior 
and human impact stored in a well-organized fashion for analysis.  In order to reduce the 
cost and effort required in the data collection process, Stelle decided to explore a VGI 
approach to collecting this data, which incorporates the collection of data by both 
researchers and members of the general public. 
3.2 Requirements Analysis 
Functional requirements describe the information and answers that the system will 
provide to its end users.  For example, a functional requirement of the system was to 
allow users to submit marine mammal sightings from both a mobile device and a website.  
On the other hand, the non-functional requirements describe the way in which the system 
should perform and includes technical, operational, and transitional requirements.  The 
technical requirements describe both the technology the client will need to maintain the 
system and the technology the end user will need to access the system.  The operational 
requirements include the day-to-day or periodic maintenance requirements that the client 
will be responsible for to keep the system up and running.  Finally, the transitional 
requirements are those needed for handing the system over to the client and end-users, 
such as training or usage documentation.  The following subsections describe in detail the 













Table 3-1: Functional and Non-Functional Requirements 
Functional Requirements 
Store survey logs and corresponding events, including sightings and their corresponding evidence 
(such as photos), and position updates 
Allow users to submit events and corresponding evidence via mobile or web application  
Tie submitted events with a particular user 
Download of queried data on web application 
Basic visualization on map of submitted data points 
Allow users to rate their confidence in their submitted observations 
Automated position updates on mobile application 
Data stored locally on mobile device for future offline development 
Non-functional Requirements 
Technical Requirements User interfaces and application navigation for both the web and 
mobile applications 
Esri’s ArcGIS Desktop 10.0 
Esri’s ArcGIS Runtime SDK for Android 
Esri’s ArcGIS API for JavaScript 
Notepad and Aptana 3 
Eclipse Integrated Development Environment  
Esri’s ArcGIS Server 10.0 
Android Software Development Kit  
Internet Information Services (IIS) Web Server 
Domain Name 
Operational Requirements Archiving the geodatabase since users are editing the default 
tables 
Monetary costs for operating and maintaining the web and 
mobile applications 
Transitional Requirements Distribution of the mobile application 
   
3.2.1 Functional Requirements 
There were several functional requirements of the system, as outlined in the table above.  
The system had to be capable of storing survey logs from a user’s trip and all of the 
events that occurred in a single trip.  There were two types of events that occurred during 
a trip.  The first was a position update, which included a time and position.  The second 
was an observation (or a sighting).  Sightings consisted of time and position, but they also 
had information about the species observed and relevant information.  This included a 
confidence rating on the data being submitted.  The system was designed to classify all 
incoming records by subtype.  If the incoming event was a sighting, the observation is 
classified as one of four marine mammal categories.  If the incoming event was a position 
update, it gets recorded accordingly.   
The system allowed users to submit the above mentioned survey logs and 
corresponding events using the web and mobile applications.  This was done by 
developing a form that could be accessed by both.  The form was developed to allow 
users to associate a photo with the observation being submitted.  The data associated with 
the events are stored locally on the mobile device and the events are submitted to the 
geodatabase through the use of feature services. This was done using a creating a table in 
a SQLLite database on the device itself.   
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The events submitted can be associated with the user that enters them.  In the web 
application, the user must log in before submitting any observations.  The username is 
temporarily held so that it can be used to tie observations with the user that recorded 
them.  On the mobile device, the user can associate their data with an email addresses on 
their phone.  Alternatively, by default, all data is associated with an “anonymous” user 
account. 
 The web and mobile applications were developed to allow users to visualize 
recorded observations and position updates.  Visualization on the web application was 
made possible through the use of map services that access the data in the geodatabase.  
The events recorded on the mobile device are rendered locally from the data stored on the 
device rather than through map services. The feature services are only accessed during 
the submission of an event from the phone.   
There were also functional requirements specific to the device.  Additional core 
requirements for the web application were that users had to be able to query and 
download data.  Querying of the data was made possible through the use of toggle 
buttons and a date range that the user could adjust accordingly to visualize their desired 
results.  The results from the query are used if the user decides download the data from 
the website.  In order to download data, the user had to use a single button.  This button is 
associated with a geoprocessing service that selects the desired results and creates a 
zipped up shapefile that is sent to the user’s temporary folder on their computer.   
There was also a final functional requirement for the mobile device: position 
updates had to be required automatically for the user.  This was completed by using an 
Android function that would repeat a particular set of tasks every given amount of time.  
The repeated tasks recorded a new observation in the local database, submitted the 
observation to the geodatabase using feature services, and rendered the new position 
update on the map.   
3.2.2 Non-Functional Requirements 
The technical requirements are the backbone of the non-functional requirements as they 
are focused on the technologies required to build the system.  Web services were created 
from a geodatabase and published from within ArcGIS Desktop 10.0 to ArcGIS Server 
10.0.  These services were made available to users through the mobile and web 
applications.   
The web application was composed of graphical user interfaces and application 
navigation.  It was hosted using Internet Information Services (IIS) web server and 
required a universal resource locator (URL) for access.  The web application must be 
accessed using Google Chrome or Mozilla Firefox.  The application was developed using 
Notepad and Aptana environment and utilized Esri’s ArcGIS Application Programming 
Interface (API) for JavaScript. 
The mobile application was also composed of graphical user interfaces and 
application navigation.  It was developed for the Android phone with an operating system 
of 2.3.3 or lower in the Eclipse Integrated Development Environment (IDE).  The mobile 
application utilizes the Android Software Development Kit (SDK) and Esri’s ArcGIS 
Runtime SDK for Android. 
In order to fully understand both the operational and transitional requirements, it is 
important to note that the system was built as a prototype, or proof of concept, the client 
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intended to use to get funding for development of a more permanent system.  Given this, 
the prototype system was intentionally designed to have very few operational 
requirements, and this was done at the expense of security. This means that users were to 
edit the default data set.  There was no versioning or automatic archiving of the data.  It is 
the client’s responsible to periodically download and archive the dataset. The client will 
also be responsible for the annual/semi-annual monetary requirements of maintaining a 
GIS server, web server, and website.   
The system was developed for the general public, so there was no documentation or 
training made available to the client for using the mobile and web applications.  The only 
other transitional requirement was the distribution of the mobile application.  While this 
could be available to the public through Android’s App Store, this was beyond the scope 
of the project.  The client is responsible for personally downloading it onto the devices 
that will be using it. 
3.3 System Design 
The design of the system was guided by the system requirements described above.   This 
section describes the system architecture design for both the mobile and web 
applications, along with constraints on the design.  From this point forth, the system will 
be broken into two categories: server side and client side (Figure 3-1). This is done to 
clarify the difference between activity on the user side of the solution and the server side, 
where the system resides. The client side of the application sends requests to the server 
side, which then sends responses back to the client side.  The server side is composed of 
the web server, ArcGIS Server, the application, and a geodatabase.  The client side is 
split between the web component and the mobile component. 
 
Figure 3-1: Overall system design 
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3.3.1 Web Application 
The web application was designed as a shell for future development of the application.  It 
sits on the client side and consists of a user interface, along with supporting JavaScript 
functions.  The JavaScript functions are responsible for the dynamic capacity of the web 
application and were developed using the DOJO JavaScript framework and the ArcGIS 
API for JavaScript.  Both the JavaScript framework and the API were consumed by the 
application through services.   
The user interface includes a Home, Map, My Observations, and a Learn tab 
(diagrammed in Figure 3-2 above).  The Home and Learn tab were not developed during 
the scope of this project.  The Map tab was designed for use by visitors that didn’t want 
to log into the system.  The map tab was designed to allow the user to visualize 
observations from a map service on top of Esri’s Ocean basemap and query them by date 
and species type. Upon clicking on a particular observation, the application was designed 
to display the attributes and photo of the selected observation in a popup window.  The 
Map’s JavaScript methods are responsible for ensuring the queries are sent to the server 
and that observations are rendered on the map. 
The My Observations tab requires users to log in before access.  Just like the Map 
tab, this one was designed to also allow users to visualize and query the data, the 
difference being that the users are provided with additional query options. 
The advantage of the My Observations tab is that users can download data after 
querying the database and after visually confirming the selection criteria they wanted.  
The My Observations tab was designed to allow users to submit new observations.  This 
is completed using a feature service.  Just like the Map tab, the dynamic functionality and 
server communication are handled by JavaScript methods in the My Observations tab. 
There were several design constraints to take into consideration of the system 
design.  The web application was designed to only work with a modern browser, such as 
Firefox or Chrome. Modern web browsers support a combination of standards, while 
earlier browsers only support very simple HTML standards.  Additionally, the web 
application was designed to work with the ArcGIS API for JavaScript.  This API was 
chosen because of its flexibility and popularity in the web programming field.  It also is 
the only client-side web API that doesn’t require a plugin for the browser. 
3.3.2 Mobile Application 
The mobile application has both user interface and supporting components. There are 
three components to the user interface design of the mobile application: the Home 
activity, the main activity called the Survey Map, and the Observation Activity. The 
supporting components on the mobile application’s client side were the Local Database 
and the Events Database Manager.   
The Home activity was responsible only for starting a trip and allowing users to 
decide which of their email accounts they wanted to associate their survey log with 
through a login window.  The Survey Map was responsible for allowing users to visualize 
their trip.  The activity also had a method for automatically recording and displaying the 
user’s position every five minutes.  In addition to recording the position update, the 
Survey Map added a new position marker to the map.  Finally, the Survey Map was 
responsible for adding observations stored locally to the map.  The Observation interface 
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provides the user with a form to complete with a series of dialog boxes with necessary 
information. 
There were multiple design constraints relevant to the client side of the mobile 
application.  The first was the choice between a native and web application.  The 
difference between these is discussed in more detail in Chapter Two.   A native 
application was chosen for the system because one of the functional requirements was 
storing the data locally on the device.  Having this workflow in place reduced future 
development burden of the application. 
The second design consideration for the mobile device was the platform for which it 
would be developed natively.  The Android platform was chosen because of Java’s 
popularity and extensive documentation.  It was also chosen because it is the operating 
system on more mobile devices than the completing Apple iOs platform.  The application 
was developed for the Gingerbread operating system.  The choices for the mobile 
platform and operating system were discussed in Chapter Two.    
3.4 Project Plan 
The project plan and implementation was similar to spiral and agile models for software 
development (Figure 3-2).  After a requirements analysis, three separate phases were 
initiated: the geodatabase, the web application, and the mobile application.  Each phase 
had the following steps: design, development, test, and discuss. 
 
Figure 3-2: A model of the project plan  
During the design task for the geodatabase, the client’s functional and non-functional 
requirements were incorporated into a logical model.  During every successive design 
task for both the web and the mobile applications, a mockup of the user interface was 
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created and approved by the client.  During the design and development stage for the web 
and mobile applications, the developer determined the appropriate functions that would 
be used in development through intensive research and training on topics including:  the 
ArcGIS API for JavaScript, the Android Architecture, the Eclipse Integrated 
Development Environment, the Android SDK, and the ArcGIS Runtime SDK for 
Android.   
During the development phase of the geodatabase, a logical model was developed.  
A logical model was created for both the client side (mobile applications) and the server 
side (geodatabase) of the system.  Additonally, map and feature services were created.  
The development of the web and mobile applications were dependent on the completion 
of the geodatabase development.   
Testing of the geodatabase and the client side applications were performed 
simultaneously.  This was done because the web and mobile applications consumed 
services created from the geodatabase.  In addition to the developer, thhe client was also 
asked to test the applications.  After passing these tasks, a prototype was complete for 
each phase.  During this time, a dialog was exchanged between the developer and the 
client.  The client provided feedback on both the user interface and the functionality of 
the applications. Planning for the next prototype was then completed. 
During the project development life cycle, some modifications were made.  Testing 
the mobile application in the field gave insight, resulting significant modifications.  For 
example, the original project plan was for complete offline editing on a mobile device.  
Field testing demonstrated that there was full connectivity in a region that could be used 
as the study area.  Because of this, the mobile application no longer became a complete 
offline application.  The application was designed to consume online basemaps rather 
than cached maps stored locally on the phone.  However, the developer chose to continue 
storing the data locally on the device.  This way, the only demand for mobile connectivity 
was when the user wanted to sync observations. 
 Additionally, the original plan included user authentication upon login and had 
the possibility of different permissions for different user types.  Specifically, user 
authentication was planned to be done using openID (Google accounts), so all users must 
have a Google email account.  However, because of the requirements of the server, this 
portion of the solution will not be implemented due to University regulations.  Therefore, 
user verification was dropped from the implementation plan.  Varied permissions were 
not incorporated into the applications, but their capability was demonstrated within the 
geodatabase.   
3.5 Summary 
The system requirements analysis process resulted in a system design that met the needs 
of the client.  This chapter revisited the problem statement, discussed the requirements 
analysis and found that there were nine functional requirements and 13 non-functional 
requirements.  In addition to the requirements analysis, the system design was also 
presented.  This started with an overall description of the system design and continued 
with the design of the two client-side applications.  Finally, the chapter concluded with a 
discussion of the project plan.  The plan consisted of five major tasks and was adjusted 
throughout its implementation.  With an understanding of the required functionality and 
system design, the database was ready to be developed. 
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Chapter 4  – Database Design 
The purpose of this chapter is to describe the data models used in the project solution.  
Section 4.1 describes the conceptual model, which was used to determine the classes and 
attributes needed to store the data required for the project.   Section, 4.2 describes how 
the conceptual model was altered to balance data duplication and performance 
optimization in the logical model.  Section 4.3 describes the data sources, and Section 4.4 
describes the methods performed on the data before they were ready for use in 
development of the web and mobile applications.  
4.1 Conceptual Data Model 
The conceptual database model was developed through conversations with the client and 
the field data collection sheet (described further in 4.3).  The conceptual model helped 
define the necessary database classes needed to solve the client’s problem (Figure 4-1) 
These are the primary classes (shown in italics) that needed to be defined:  Observer, 
Survey, and an Event.  The relationship between the Observer and the Survey is that an 
Observer records surveys.  E+9*-ach Survey contains one of more events.  The Event 
table holds two different types of events: position updates and observations.  All events 
must contain time and location.  An event of the Observation type contains additional 
information.  An Observation event may contain evidence, such as a photo.  The 
Evidence class is the evidence, such as a photo, associated with a particular event.   
 
Figure 4-1: Conceptual Model 
4.2 Logical Data Model 
While the conceptual model is normalized and describes the client’s needs abstractly, the 
logical model describes how the database schema was designed.  The logical model 
design took into consideration the most appropriate way to store data for use in web and 
mobile-based applications. A diagram of the logical data model can be found in Figure 4-
2 below. There are two extremes in data modeling: a completely normalized model and a 
flat file model.  Flat-file databases have no explicit relations between tables, while 
normal databases have undergone a normalization process to eliminate data duplication 
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and minimize the use of space.  The advantage that flat-file databases have over 
normalized ones is that they perform much faster.  This is desirable in databases used for 
web applications.  The flat-file approach also reduces the learning curve for new 
administrators of the database.   
Because of this, the Observer and Survey classes were consolidated into the Event 
table.  This resulted in a geodatabase with only an Event table.  It is important to note the 
consequences of using a flat-file database over a normalized one.  There is significant 
data duplication in flat-file database and there are none in normalized ones.  Additionally, 
the compartmentalized effect of normalized databases makes them easier to maintain and 
update.  The use of domains and subtypes were incorporated into the database design to 
reduce maintenance demands.  A complete listing of these can be found in Appendix A.   
 
Figure 4-2: Server side logical model diagram 
The data needed to be stored on both the local client mobile device and the server, 
so two different components to the logical model were created.  The Event table was 
stored as a feature class in an ArcSDE geodatabase on the server side and it was stored as 




Figure 4-3: Client side vs. server side database structure 
The primary difference between the way the data were designed to be stored in the 
logical model has to do with the way that evidence (photos) are associated with the 
events in the Event table.  There are several methods for associating evidence, such as 
photos, with records in a table.  These methods include storing a hyperlink as a text field, 
storing the evidence as a blob field, or storing the evidence in a separate attachment table.  
For the server side Events feature class, an attachment table was chosen as the method for 
storing the evidence because it is not dependent on path names internally or URLS on the 
web.  Additionally, it keeps the evidence stored within the geodatabase without being 
queried every time the event record is queried.  This increased the speed of queries, 
which is essential in web applications.   
The photos were stored differently on the client side.  The physical photos were 
stored in the phone’s native gallery. Only a pathname was stored in the Events table.  The 
only other difference between the server side and client side Event tables was that the 
client side table contained an additional field for tracking whether or not the records have 
been rendered on the map.  
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Figure 4-4: Client side logical model diagram 
4.3 Data Sources 
Recall that the project’s mission was to build prototypes for collecting and managing 
marine mammal sightings.  The development of the proof of concept prototypes didn’t 
require much data for ensuring that the client’s needs were met.  Because of this, the data 
could have been synthesized. 
Rather than creating a complete synthetic dataset, data were obtained from the 
Channel Islands National Marine Sanctuary (CINMS).  CINMS has collected marine 
mammal sightings since 2003 and provided an Excel sheet with nearly 16,000 marine 
mammal sightings.  Each sighting contained latitude, longitude, and a handful of other 
attributes, including: mammal category, type, date, vessel, location, count, and behavior.  
In addition to the CINMS dataset, the data collection sheet used in the field was 
provided by the client.  This data collection sheet is the form used by students and 
volunteers in the field (Figure 4-5).  It was used to provide insight for the development of 




Figure 4-5: Data collection sheet used by client’s students and volunteers 
4.4 Data Scrubbing and Loading 
Prior to loading the data provided by CINMS into the server side geodatabase, the 
geodatabase schema were developed.  The schema included an Event feature class.  The 
fields for the Event feature class included all of those listed in the logical data model in 
the preceding section.  Domains for the feature class were created using the data 
collection sheet described in Section 4.3.  Additionally, subtypes were created for four 
different species categories (Whale, Dolphin or Porpoise, Seal or Seal Lions, Unknown 
or Other). An additional category of “None” was created for position updates that had no 
observation data associated with them.  The species categories were chosen for the 
subtypes to simplify the rendering of symbols and number of layers needed in the map 
service. 
Prior to loading the CINMS dataset into the Event feature class, the longitude 
values were adjusted to a xy grid so that they would be stored in the correct hemisphere.  
Additionally, the CINMS was adjusted to include values for the coded values domains. 
Approximately 100 of the CINMS data points were imported into the geodatabase.  Once 
in the geodatabase, several of the fields were either populated with synthetic values or 
left blank.  The fields that were synthesized include: Observer ID, event type, date, event 
ID, calves present, cloud cover, beaufort, confidence rating, and notes. 
The final step in prepping the data to be used in development was associating an 
attachment table with the events feature class via a relationship class, which was created. 
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A photo was attached to each of the records in the Event feature class with an 
Observation subtype.  The photos used were taken by Earthwatch volunteers during a 
whale watching trip. 
4.5 Summary 
This purpose of this chapter was to describe the database model and the data that were 
relevant to the project development.  In the section on the conceptual model, the classes 
and their associated attributes that represent the problem proposed were described. The 
conceptual model consisted of four classes. The logical model was then discussed that 
was made during development of the solution for faster access of the data in both the 
client and server side environments. It consisted of two classes.  The chapter also 
discussed the sample observation data provided by CINMS.  It concluded with a 
discussion on the schema that was built and the scrubbing that was performed on that 
data prior to loading them into the geodatabase.  With a well-designed database, and 
sample data ready for testing, the applications were ready to be built.   
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Chapter 5  – Implementation of the Web Application 
Two client side components were developed to meet the client’s requests: a web 
application and a native mobile application.  The mobile application was designed for 
users who are on personal or chartered whale watching boats and interested in tracking 
their trip and recording their observations instantly. On the other hand, the web 
application was designed for users who are either interested in visualizing the data as a 
visitor, or submitting single point observations and downloading the data for analysis as a 
logged-in user.  This chapter describes the implementation of the web application.  
Section 5.1 discusses the web application’s user interface. Section 5.2 discusses the 
functional components of the web application.  The chapter concludes in Section 5.3 with 
a summary of the web application. 
5.1 Web Application User Interface 
The web application serves a variety of roles and was organized into four tabs: Home, 
Map, My Observations, and Learn (Figure 5-1).  The Home and Learn tabs were 
completely undeveloped and acted as placeholders for future work, as requested by the 
client.  The Map tab and the My Observations tab were divided into a content pane for a 
map object and accordion panes for the tools and forms available to the user.  The 
accordion pane is a web control object that is displayed on the user interface.  It appears 
as a container for holding web content.  The map content pane is displayed to the user 
during the entire session, whereas accordion panes can be hidden and displayed as 
desired.  
 
Figure 5-1: Functional components of the web application.  
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5.1.1 The Map tab 
The Map tab was designed for the users who don’t wish to log into the system and are 
interested in visualizing observations, querying the database, and identifying details on 
selected events.  It consists of several components (Figure 5-1), one of which is a map for 
visualization.  The map is the central component of the tab. The tab includes an identify 
popup tool that allows the user to learn information about a particular observation.  The 
tool triggers a popup when the user clicks on a symbol within the map. The identify 
popup tool was designed to be accessed only when a user clicks on an observation in the 
map object.  
 
Figure 5-2: Overview of the Map tab of the web application 
The user interface was also designed to include basic querying tools. Querying 
tools select the chosen records and only displays them to the user. These basic querying 
tools are made available to the user through a content pane on the left side of the tab.  The 
date range query tool allows the user to query by a “to and from date” using drop down 
boxes for month and date.  These date tools are illustrated in Figure 5-3. 
 
Figure 5-3: Date Query Tool 
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The user can also query by species type. Species type options are made available 
to the user through checkboxes (Figure 5-4).  This allows the user to view results of any 
combination of species at the same time.     
 
Figure 5-4: Species type query tool 
5.1.2 The My Observations Tab 
The My Observations tab was designed for an active user interested in a more advanced 
interaction with the data (Figure 5-5).  When the user accesses the tab, they are prompted 
to log in.  Upon log into the system, the user has access to the same map, and identify 
popup tool as in the Map tab.   
 
Figure 5-5: My Observations tab 
This tab has more advanced query tools which are displayed within an accordion 
pane.  The user can query by event type, allowing them to see both observations and 
tracks.  This query tool is made available to the user as checkboxes, allowing them to 
view any combination of event types (Figure 5-6).  
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Figure 5-6: Event type query tool 
They can also choose to see only their observations or the observations of all 
users.  These options are made available to the user through a radio button, and they can 
choose only one option or the other (Figure 5-7).   
 
Figure 5-7: Show results query tool 
Additional accordion panes were designed for additional tools, one of which is the 
download data tool, which allows users to download data as a shapefile after they have 
queried the data with the desired attributes (Figure 5-8).   
 
Figure 5-8: Download data tool 
Also within an accordion pane, the user has access to a Submit Observations 
Form (Figure 5-9). This form contains all of the information required to submit a new 
observation, along with the button needed to submit it.  Most of the form’s components 
were made from Dojo form widgets, also known as Dijits (Dojo, 2011).   
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Figure 5-9: Submit observations for in accordion pane 
The Submit Observations tool was designed to minimize the amount of error in data 
entry.  This was done using drop-down lists and auto-fill for every option other than 
location (Figure 5-10).  A NumberTextBox (a Dijit) was used to restrict the user to only 
entering numbers in the locational text boxes.  
 
 
Figure 5-10: The use of auto-fill and drop-down use for the Submit Observations 
form 
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5.2 Functional Components 
The user interface components described above are dependent on several functional 
components.  The purpose of this section is to describe each of the functional components 
in detail.  The functional components and their corresponding classes and methods are 
illustrated in Table 5-1. Classes are shown in lower camel case (ExampleClassName) 
and methods are shown in lower camel case (exampleMethodName).   
Table 5-1: Functional components and their corresponding methods 
Functional Component Class or Method 
The Map Map 
Identify Popup Tool identify 




Download Data Tool downloadData 
5.2.1 The Map 
As mentioned, the map appears in both the Map and My Observations tabs.  The map’s 
content is dynamic, depending on the extent, map layers, and query functions.  The map 
extent was set to (in meters):  
 -13,252,801.136300 (minimum x) 
  4,388,898.711300 (minimum y) 
  -1,4091,002.8127 (maximum x) 
  3,508,363.61690 (maximum y).   
The layers contained within the map component are outlined in Table 5-2 below.  The 
map, feature, and geoprocessing services that the map layers were composed of were 
published through ArcGIS Server from a map document within ArcGIS Desktop. 
Table 5-2: Web application layers 
Layer Name Type Usage Mode 
Ocean 
Basemap 
Basemap Basemap NA 














GP tool NA 
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5.2.2 Identify Popup Tool 
When the user clicks on an observation on the map document, the identify method is 
called. A query is sent to the server for any feature within the spatial extent of the 
envelope. If something is returned, a new selection symbol is defined for the events 
feature layer.  The layer definition is reset (using the Map object’s 
setLayerDefintion and setSelectionSymbol methods) with the new 
selection and selection symbol.  This replaces the species category symbol with the 
unique selection symbol (Figure 5-11).  This unique selection symbol has a green fill and 
red outline. 
 
Figure 5-11: Symbol selection and popup window. 
After the observation is assigned a new observation symbol, a second query task is 
defined and executed which searches the attachment table for a picture corresponding to 
the selected observation.  If an image exists in the attachment table, the content of the 
map’s infoWindow is updated, the window is resized, and the infoWindow is displayed. 
5.2.3 Query Tools 
The methods that perform the query are triggered by listeners on each of the query tool 
options.  A listener is an object that performs an action when the user interacts with its 
corresponding part of the user interface.  Each listener calls a respective function that 
builds a string to query its corresponding attribute in the feature layer.  For example, 
when the user changes the date in the query tools, the dateChanged method is called. 
Afterwards, the changeLayerDefinition is called which pieces together the 
appropriate string consisting of each query tool’s current value.  The function then 
applied the query string to the events feature layer’s layer definition. When applied, a 
request is made to the server and the server responds with the appropriate information for 
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the features that need to be added to the map.  The events feature layer is then reset using 
the Map object’s setLayerDefintion method. 
5.2.4 Download Data Tool 
The downloadData function is triggered by a listener on the Extract Data button that 
appears in the Download Data accordion pane. The function uses the current download 
data query string that is built through the query tools.  If the user has not narrowed their 
search with the use of the query tools, a default query string is used. 
Upon activation, the application sends a request to a geoprocessing service with the 
required parameters.  The geoprocessing service was published from a tool made with the 
ArcGIS Model Builder (Figure 5.12).  The tool is responsible for selecting records from a 
feature class, extracting the data into shapefile format, and delivering the shapefile in a 
zipped folder to the user as a downloadable file. 
 
Figure 5-12: Workflow of Extract events tool 
5.2.5 Submit Observations Form 
When the user completes the Submit Observations form and pushes the Submit button 
from the user interface, a function that is responsible for submitting the observation event 
data is called.  Within the function, a graphic object is created with the geometry 
specified in the latitude and longitude NumberTextBoxes (a Dijit) and the attributes 
specified by each of the other options in the form. The user ID entered upon the user’s 
visit to the site is also saved as an attribute of the observation.  Once the graphic is 
created, it is sent to the server using the ArcGIS API for JavaScript function 
applyEdits function that can only be called on feature services. 
5.3 Summary 
The web application consists of two tabs, Map and My Observations, intended for two 
different types of users.   The tabs are composed of a map, an identify popup tool, and 
query tools. The My Observations tab also includes a Submit Observation form and a 
Download Data tool.  These tools compose the functional requirements of the application 
and drive the dynamic components of the website.    
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Chapter 6  – Implementation of the Mobile  
Application 
As stated, the mobile application is intended for users who are on the water and are 
interested in tracking their trips and submitting observations.  The application was 
designed to allow users to visualize their trip and record survey events (tracks, 
observations) locally on the device in addition to syncing them with the server.  This 
chapter discusses the implementation of the mobile application.  Section 6.1 describes the 
User interface of each of the application’s Views.  Section 6.2 describes the functional 
components of each of the Views. 
6.1 Mobile Application’s User Interface 
There are three Views associated with the mobile application: Home, Survey, and 
Observation. Each of these Views is associated with an Activity, which is essentially a 
custom class.  From this point on, all future references to Activities will be in 
UpperCamelCasing and Views will be in lowerCamelCasing.xml followed 
by .xml.  Upon launch of the application, the user is presented with the home.xml View 
(Figure 6-1).  This View has the application’s title, a settings button, and the “Start a 
Trip” button.   
 
Figure 6-1: Home View of the mobile application 
On selecting the settings menu, the user is allowed to only change the username that will 
be associated with the observations they submit.  The list made available to the user to 
choose from is composed of “anonymous” along with each of the email accounts 
associated with their phone (Figure 6-2).   
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Figure 6-2: Settings Menu 
The “Start a trip” button simply closes the home.xml View and brings the user 
to the Main Activity of the application: the SurveyMap.  The surveyMap.xml 
view is composed of a map and a button that allows the user to record the observation 
(Figure 6-3).  This View allows the user to visualize their trip with minimal effort.  
Their current location is represented by a blue dot.  Every five minutes, the user’s 
location is recorded as a position update and a new black dot appears on the screen.  
Each time a new observation is recorded, a symbol is added to the map to their 
marine mammal’s category: whale, dolphin or porpoise, seal or sea lion, or unknown. 
 
Figure 6-3: Survey Map View 
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When the user selects the button to record a new observation, they are presented with a 
form to fill out (Figure 6-4) in the observation.xml View of the Observation 
Activity.  The user must select a species category before any other information can be 
added to the form.  After selecting a category, the user can scroll through the remaining 
details to add.  The required information is bolded and the unrequired information isn’t.   
 
Figure 6-4: Observation View showing the required and optional components in the 
form 
Each time the user selects one of the components, they are presented with a dialog 
box with options to choose from.  Figure 6-5 illustrates each of the dialog boxes that are 
presented when the user selects the whale category.   
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Figure 6-5: Screenshots from the dialog boxes in the Observation form 
At the bottom of the observation.xml View, the user has the option to “Go 
Back,” “Save,” and “Save and Sync.”  The “Go Back” closes the Observation 
Activity without saving.  The “Save” button saves the observation locally on the phone, 
and the “Save and Sync” button saves the data locally on the phone in addition to syncing 
it with the server. 
6.2 Functional Components of the Activities 
This section describes the functional components of the mobile application by the Activity 
that they are associated with.  Each of the Activitity’s methods will be in 
lowerCamelCasing()followed by parenthesis and all objects appear in 
lowerCamelCasing.   
Essential to understanding the functional components of the application is the 
Android Life Cycle (Activity, 2012).  The life cycle describes the states and workflow of 
how applications are handled in devices running an Android operating system.  Figure 6-
6 illustrates the life cycle.  Most of the functional components occur in the 
onCreate() function, but the onResume() and onPause() also play an important 
role in some cases. 
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Figure 6-6: Android Life Cycle  
Source: http://developer.android.com/reference/android/app/Activity.html 
While the Home Activity is essential to the application, it contains no functional 
components.  The two Views with functional components in their Activities are the 
surveyMap.xml and the observation.xml View.  There is also a helper Activity 
with functional components that doesn’t have a View: the 
EventsDatabaseManager.   This Activity is responsible for handling the data stored 
locally on the device.   
6.2.1 Survey Map Activity 
The SurveyMap Activity has several functional components which include: the map 
object, positionUpdates() method and handler, onStatusChange Listener, and 
the updateEventsLayer() Method (Figure 6-7).   
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Figure 6-7: Functional components of the Survey Map Activity 
When the Activity is first called by thehome.xml View, the onCreate() function 
is called.  The onCreate() function is an essential part of the Android Life Cycle.  The 
map object is initialized and Esri’s Ocean basemap layer is added to it.  Additionally in 
the onCreate() function, the onStatusChange listener is declared.  This status 
change listener handles everything related to the phone’s position.  It uses the Android 
location service (Location & Maps, 2012), which triggers a function when the position 
has changed.  The listener then gets the latitude and longitude from the location service.  
The latitude and longitude are used to change the position of the location marker on the 
map.  The envelope of the map is then adjusted to extend three miles around the new 
position.   
After the onCreate() method is complete, the onResume() function is called.  
Within this function, the updateEventsLayer() Method is called.  This method 
uses a static class to create a collection of features with geometry and attributes of each 
record stored in the local database.  It then creates graphics from each of the features in 
the collection and adds it to the map.  Also in the onResume() function, a repeating 
task is started to automatically record the user’s position and draw a black dot on the map 
every five minutes.  This repeating task utilizes Android’s Handler class which repeats 
a particular action with a delayed time increment.   
When the user pushes the button to add an observation, the onPause() function is 
called for the SurveyMap Activity.  In this function, the map is paused and the 
repeating task is stopped so that the position won’t be updated during a recording of an 
observation. 
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6.2.2 Observation Activity 
When the Observation Activity is started, the onCreate() function is called.  This 
Activity is primarily responsible for responding to user actions as they fill out the form, 
saving, and syncing the data (Figure 6-8). 
 
Figure 6-8: Functional components of the Observation Activity 
As previously mentioned, the first component of information required is the 
marine species category.  When the user selects a category, the first of this Activity’s 
many onSelected() functions are called.  The Species category’s onSelect() 
method adjusts the appearance of the detail components required, depending on which of 




Figure 6-9: Detail components provided to the user upon species category selection 
After the initial selection, each of the detail components have a similar workflow.  
On selection, the component’s onSelect() method is called.  These methods build a 
list of options for the user to select from and populate them in an alert dialog box that is 
presented to the user (AlertDialog, 2012).  The AlertDialog box has a listener associated 
with it that waits for the user to tap a selection.  Once the selection is tapped, the 
corresponding onSelected() method is called.  This method is responsible for 
updating the component detail’s description with the choice the user made.  This serves 
as a visual confirmation of what the user is recording (Figure 6-10).   
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Figure 6-10: Comparison of beginning and ending of the observation form 
The third functional component of the Observation Activity is the Save 
function. This function is called when either the “Save” or the “Sync and Save” button is 
selected.  The first step the method takes is verifying that each of the required pieces of 
information has been recorded.  Afterwards, each of the record’s attributes is stored in the 
local database using methods defined in the EventDatabaseManager Activity. 
The final component of the Observation Activity is the Sync function.  This 
function is called whenever the “Sync and Save” button is pushed.  The first step the 
function takes is to call the save method previously mentioned.  This ensures that the 
observation is stored locally.  The function then creates a graphic with a geometry passed 
to the Observation Activity from the SurveyMap Activity.  The graphic is also 
assigned the attributes corresponding to the observation details.  The graphic is then 
passed in a server REST API applyEdits() method to the server. 
6.2.3 Events Database Manager Activity 
The EventsDatabaseManager Activity is responsible for interfacing between the 
other activities and the database in which the events are stored (Ehrenstein, 2011).  The 
functional components of this Activity are illustrated in Figure 6-11.  In the 
onCreate() method, a new table is created that matches the events feature class 
schema if one doesn’t exist.  This should only occur on the initial installation of the 
application.  The open() and close() methods can be called by other activities and 
are responsible for opening and closing the table so that actions can be performed on it.  
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Both of these methods are called by both the SurveyMap and the Observation 
Activities. 
 
Figure 6-11: Functional components of the Events Database Manager Activity  
The fetchAll() method is responsible for querying the table and returning all 
attributes for every record in the database.  This method is called by the SurveyMap 
Activity. The createEvents() method creates a contentValue object and fills it 
with the attributes sent to it by the Activity that called the function.  It then creates a new 
record in the database and populates it with the incoming attributes. 
6.3 Summary 
The mobile application consists of three different Views: home.xml, 
surveyMap.xml, and observation.xml.  Each View has a corresponding 
Activity, and there is an additional Activity for interfacing with the database stored 
locally on the device. Each Activity has several functional components that are essential 
to the application.    
Both the mobile and web applications play a fundamental role in the project 
solution.  As previously mentioned, the web application allows both users who are 
actively collecting observations and those that are inactive and simply interested in 
exploring the data.  Active users have access to advanced query tools, an observation 
submission form, and a data download tool.  This mobile application provides a 
connectivity-hybrid solution for connected editing with data stored locally for future 
development of a disconnected editing solution. It complements the web application in 
that it provides a tool for allowing users to submit observations directly from the field. 
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Chapter 7  – Implications of Volunteered Geographic 
Information Software Development 
With the web and mobile applications designed and developed, their implications should 
be considered.  This chapter revisits some of the topics discussed in Chapter Two to 
understand the effects and implications of the system developed for this project, with an 
emphasis on the mobile application.  Section 7.1 discuses techniques for ensuring enough 
quality data for scientific research using a VGI approach. Section 7.2 describes how 
spatiotemporal analysis can be used to identify patterns in VGI data and the differences 
between this project’s data model and the ArcMarine model.  Section 7.3 is dedicated to 
the connectivity issues with the current workflows and toolsets for mobile development.  
Lastly, Section 7.4 discusses the mobile application user interface and ideas for making it 
more engaging.  The chapter closes with concluding remarks in Section 7.5. 
7.1 Considerations for Volunteered Geographic Information and 
Science 
To use VGI data in research, the right questions need to be asked of the right people; and 
enough people have to be asked those questions.  The importance of this was discovered 
during a field test of an early version of the mobile application.  Applications that are 
intended for use by the general public need to frame questions in ways that are easy to 
understand. The application was originally designed to ask the user how many calves 
were present with a group of mammals.  Counting the number of animals present is a 
simple task when a group of whales is being surveyed.  This is because whales tend to 
travel in groups of 1-4.  However, determining the number of calves present in a group of 
dolphins is much more difficult because they travel in larger groups of 10-500.  Rather 
than asking the user how many calves were present, the application was changed to 
simply ask whether there were calves present or not.  The true/false response of calf 
presence can still be used to understand mammal behavior without an exact number. 
This was an example of an easy change, which framed the question for a member 
of the general public.  There are some cases in research when the questions cannot be 
simplified, and therefore should be reserved for trained users.  In these cases, user 
accounts with varying permission levels can be created. For example, an expert user 
could have access to more involved questions whereas a public user could have access to 
general questions. 
During this project, the application was tested on a single mobile device.  In order 
to collect enough data for scientific research, the application would have to be deployed 
on a much larger scale (i.e.- Google Play Application Store).  In doing so, the design of 
the system infrastructure would need to be reevaluated.  Chapter Two discussed some 
citizen science-based web applications deployed using open source technologies.   
Unfortunately, it is difficult for small organizations to “set up a web server, learn open 
source (free) web-development Content Management Systems, and ultimately, create, 
design, and maintain their own website to support their own citizen science program 
needs,” (Newman, Graham, Crall, & Laituri, 2011, p. 1853).    
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Esri has recently developed solutions for multi-scale deployment, as an alternate to 
open source technology.  One solution is ArcGIS Online for Organizations, which gives 
organizations a mapping platform for sharing maps and editing through feature services.  
Another solution is ArcGIS Server on Amazon Cloud.  Both of these solutions are 
flexible in terms of the number of users with access.  They also do not require personnel 
to maintain the physical servers that all of the data lives on.  Unfortunately, each of the 
Esri alternatives is expensive.  The client would need to apply for an Esri Conservation 
grant to utilize the technology. 
7.2 The Use of VGI in Marine Research 
Chapter two discussed methods that are currently used in the field of marine research for 
storing and analyzing data.  ArcMarine was described as a data model for storing a wide 
range of data in an efficient manner for analysis.  However, its design demonstrated that 
it was not intended for volunteered geographic information.  The data model would need 
to be modified before it could be used for the project by eliminating most of the tables, 
and adding new tables and necessary attributes.  The conceptual database designed for 
this project was similar to ArcMarine in that it associated non-spatial elements (such as 
an observer or survey) to spatial elements (such as an event).   In this respect, the survey 
table of this project’s conceptual model was similar to the survey info table in the 
ArcMarine data model.  Similarly, this project’s events feature class is similar to the 
ArcMarine location series feature class.   
Regardless of the similarities in the feature classes and tables, the models diverged 
during the design of the logical model. Because of the nature of Web and Mobile GIS 
projects, the conceptual model was consolidated into a flat file structure to improve the 
speed of queries performed on the database.  This made ArcMarine an unrealistic data 
model for the project’s scope.   
A study that performed spatio-temporal analysis on Flickr photos found that social 
media data in conjunction with geovisualization methods could be used to understand 
mobility and social dynamics in urban systems (SAGL, Resch, Hawelka, & Beinat, 
2012).  Similar analysis could be performed on marine mammal observations contributed 
using a VGI approach.  Without taking this into account, improper assumptions and 
assessments could be made during analysis.   Spatio-temporal techniques, including those 
in ArcGIS tool suite can help understand these space-time clusters.  For example, the 
Grouping Analysis tool can group features based on attributes and with optional 
spatial/temporal constraints.  Similarly, the Cluster & Outlier Tool uses Local Moran’s I 
statistic to identify statistically significant hot spots, cold spots, and spatial outliers.  
Tools like this could help determine if the same animal is likely being reported several 
times by different users.  They could also be used to identify groups of events that belong 
to a particular trip and user. 
7.3 Connectivity in VGI Web and Mobile GIS Applications  
There were a couple of significant obstacles faced during the course of the project, both 
of which pertain to connectivity of the mobile application.  Providing a disconnected 
editing experience using the current ArcGIS Runtime Software Development Kit (SDK) 
for Android was challenging.  This is because the kit does not include the necessary tools 
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for seamless disconnected editing.  A work around was created for storing data in a local 
SQLLite database on the phone.  However, the application does not attempt to submit 
observation data more than once.  This is not ideal as users do not always have 
connectivity.  This also forces the user to submit observations as they record them rather 
than retroactively at their leisure.   
The second issue addressed related to connectivity pertains to the basemaps used in 
the mobile application.  In a true disconnected environment, the user would be accessing 
basemaps stored locally on their device.  The geographic scope was limited for the 
project to an area that had connectivity.  Because of this, Esri online basemaps were 
utilized.  If the application was designed for truly disconnected editing, cached basemaps 
for the user’s location would have to be delivered to the mobile device.  If the user 
requested cached maps through the mobile application, the application could be 
redesigned to identify the user’s location, and download the maps necessary for their 
region.  Because of the nature of cached maps, storing them on the Android device could 
monopolize a significant amount of memory on the phone.  For example, the project’s 
study area requires approximately 4 GB of memory in cached maps. 
7.4 Mobile User Interface Critique 
The four areas of proper user interface design discussed in Chapter Two were simplify 
the task, reduce memorization, plan for error, and test the usability of the application.  
The task of submitting observations was simplified in the project by taking the scientific 
form used in the client’s research and turning it into an easily accessible form in either a 
mobile and web application. Reducing memorization was handled by providing the user 
with a list of options to choose from rather than asking them to manually enter the 
requested information.  A feedback system was designed in the mobile application in 
planning for error.  After completing each element in the observation form, the user is 
presented with a visual confirmation of their selection.  This feedback system, allows 
them to change their selection if desired.   
 The usability of the mobile and web applications were not tested over the course 
of this project.  There are several components of the user interface that could be improved 
to make the system more engaging.  One approach to this is to game-ify the experience. 
Adding game elements to the applications could provide the users with opportunities for 
collaboration and a feeling of belonging to something greater than themselves 
(McGonigal, 2011).  Some game elements include feedback loops that could tell the user 
information such as how many observations they’ve submitted to the community average.  
Another game element for engaging users is to challenge them intellectually.  Users could 
be challenged by competing or working as a team to collect data and answer trivia 
questions.  This method also encourages collaboration among the application users. If 
users don’t already have a team to collaborate with, a notification system could be used to 
inform users if they are in close proximity of other users. 
7.5 Summary 
In conclusion, Section 7.1 demonstrated how the right questions need to be asked to the 
right people.  It also discussed how expanding VGI projects to collect enough data for 
research is either time consuming or expensive.  Section 7.3 explored the differences 
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between the data model developed for this project and the existing ArcMarine model.  It 
also described how GIS can be used to identify spatiotemporal patterns in data.  In 
Section 7.3 the disadvantages surrounding connectivity and Mobile GIS.  A better toolset 
is needed for disconnected editing with the Runtime SDK for Android.  Additionally, 
better workflows are needed for handling offline basemaps.  Finally, Section 7.4 
discussed the design of the mobile user interface and how error was accounted for, tasks 
were simplified, and memorization was reduced.  Testing of the mobile application 
usability still needs to be performed, and the user interface could be improved using 
game elements to make it more engaging.   
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Chapter 8  – Conclusions and Future Work 
The challenge that the client faced was how to generate a high volume of quality data for 
her long-term study on marine mammal migratory behavior and human impact.  In order 
to reduce the cost and effort required in the data collection process, Stelle decided to 
explore a VGI approach to collecting this data, which incorporates the collection of data 
by both researchers and members of the general public.  The proposed solution consisted 
of web and mobile applications and a geodatabase for storing observations collected by 
researchers and members of the general public.   
 A conceptual model was used to describe the client’s business model and logical 
models for both the server and client side were designed.  The server side logical model 
consisted of a single feature class for holding all submitted events and an associated 
attachment table to hold all evidence, such as photos.  The client side logical model 
consisted of a single table in a SQLLite database on the mobile device.  All evidence was 
stored as a path to its location in the Photo Gallery on the Android device.  Domains and 
subtypes were incorporated into the server side model to ensure data integrity.   
The web application was designed for the user to visualize all data on a map and 
query the data based on the type of species, date range, and event type.  It was also 
designed to allow users to download selected data in a shapefile format.  The web 
application interface includes a form for submitting observations upon login to the 
system.   
The mobile application was designed to allow users to visualize their whale watching 
trip and corresponding recorded observations.  This is done by rendering a new position 
update on a map every five minutes.  A form was created that allows users to submit new 
observations and corresponding evidence.  The user can choose to associate their 
observations with a user account or submit them anonymously.  The data associated with 
the observations and position updates are stored locally on the device and synced with the 
server when submitted.  Upon which, a new symbol is rendered on the map for their 
observation.   
The purpose of this project was to demonstrate the capability of the system with 
proofs of concept.  During development of the proofs of concept, some recommendations 
were determined pertaining to the user experience and expanding the project to a larger 
audience.   
The first suggestion for improving the user experience is to give users more control 
over their data.  On the mobile application, the user should be able to retroactively submit 
observations after a trip.  Currently, the user has a single chance to submit the 
observation.  In some cases, the user may also desire to edit their observations.  For 
example, they may have made a mistake in the details of an observation or forgot to 
submit a photo with the observation.  Editing capabilities of observations should be added 
to the web application interface.  This capability would, for example, allows users to add 
photos to previously submitted observations. 
There are other suggestions for improving the user interface and making the 
applications more engaging.  The applications could include game elements such as 
feedback loops, collaboration, and competition to give the user a feeling of belonging to 
something greater than themselves.  Feedback loops could tell the user how many 
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observations they’ve submitted compared to the others in the community.  Specific 
examples of how these elements could be incorporated are discussed in Chapter Seven.   
In order for the application to be deployed to a wide audience, several considerations 
need to be taken into account.  Currently, the applications are only designed to allow 
users to select from animals in southern California.  The available species list would need 
to be expanded to a much larger scale.  With a larger geographic scope, the mobile 
application would need to be capable of working in completely disconnected 
environments.  To do so, basemaps would need to be cached and available for download 
by users in these environments.   
As the above suggestions are incorporated, it is essential that the applications are 
tested on small user groups before deploying at a large scale.  Testing will provide 
important feedback on the user experience.  These suggestions for future work will 
produce a system that is ready for use by a wide range of users.   
In summary, this project demonstrated how volunteered geographic information could 
be used alongside Web and Mobile GIS to manage marine mammal observations. Several 
suggestions for improvement have been identified for further development. Upon 
deployment, the data collected using the applications can play a key role in understanding 
human impact on, and behaviors of, migrating marine mammals.   
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